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K(x, s) sin(2pims)ds , m = 1, 2, · · · , »7¾
jlX]qmµ{\
y{p!hrumZjly®jlXZ]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K(x, s) = (cos(x) + cos(s))2(
sin(pi sin(x) + sin(s))
pi sin(x) + sin(s)
)2 , m = 1, 2, · · · , »#"¾
m



















































































































(uTi b)ui , Y =
N∑
i=1
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(a) k = 5





(b) k = 17





(c) k = 25
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M−1A ≈ I {m M−1(b − AY ) ≈ e ·WﬁXZ]®r±js]qp!*jlruy{mËqmPÀ]^
ymi|jsplnIjl]L
ÀEg
Y (K+1) = Y (K) + M−1(b−AY (K)) , »7Z©L¾
mBrªj2rui2]\{ilruªg.jsX*j¤¦]y{Àhj!rumBjsXZ]¯²y{uuy*¤rªmZ®]qpspsy{pﬁpl]\ujlruy{m&A
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m%b¶½  i2]\pl£Eruy{ni¦¤¦y{ps§h¾ A

















b = AY¯ .
»7{¾




Y j+1 = Y j − ρ(AY j − b) , »7{¾
XZ]\pl]












































































T (YK + E
N
n Y
′ − Y¯ ))2dt . »Õ¾
\Â]qj
Y = ENn Y
′ + YK − Y¯ ZjsXZ]qm%¤¦]q{m]L{ilrªugVyÀhjs{rªmjlX]¯²y{uªy*¤rumZ^mZ]q¤ [.*jsplrª­@]Ltn*jlruy{m
¯²y{p2qy{psil]u]q£]qÂqy{pspl]LIjlruy{mi A
AcyY




















T (A + λI)(−Y K + Y¯ ) = (ENn )T (b− (A + λI)Y K) .
»ÕŁ¾




Y ′0 = 0
A
Y ′j+1 = Y ′j − ρ(AcyY ′j − bcy) , »ÕE¾
jlX]qm%¤]\m%nZMZ*js]Àvg








Y j1 = Y j0 − τ1(AY j0 − b) ,
Y j2 = Y j1 − τ2(AY j1 − b) ,


































































T (Yk + Q0E
N
n Z




























′ + Y K − Y¯ · ¢ m yjlX]qpB¤¦y{p!Zi\ﬁ¤]¶X¬£{]%jlX]¶¯²y{uuy*¤rªmZ m]q¤¸[.*jsplrª­
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AczZ



























T ) + λI
= (WPNΣNPNW
T ) + λI
= (WPN )ΣN (WPN )
T + λI ,
¯²psy{[ jsXZ]À5y*£{]~pl]\ujlruy{mÂh¤¦]y{Àhj!rum



























































































T (Y K + ∆ENn L
′ − Y¯ ))2dt . »_^h¾
\Â]qj
L = (∆ENn )L
′+Y K−Y¯ · ¢ m®yjsXZ]qp¤¦y{p!Zi\*¤]ﬁX¬£]xjsXZ]¦¯²y{uªy*¤rumZ~mZ]q¤=[^jlpsr±­]\tvn*jsrªym&A
AclL





















Acl = ∆(A + λI)∆
= ∆A∆ + λI
= ∆WΣNW
T ∆ + λI
= (∆W )ΣN (∆W )







































































































































































































































λ = 7 · 10−5 ¯²yp®À5yjsX¿\{il]\i\ b′ = bcy − (A + λI)Y K ¯²ypjsXZ]69p!i|j.qik]m
















































7 ·10−5 ≤ λ ≤
5 · 10−6 ¾
·
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(b) with regularization λ = 10− 4

































































































































































n = 6 ﬀ/ﬁ
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b′ = bcy − (A + λI)Y K
*$ 4
λ = 7 · 10−5 ?
 % #6H8G!  "!
ﬁ
)
>B!747- /0+ %' %6)*$ﬃ;E#-%'#Eﬃ!(= ">
min
Y




























(b) After 10 iterations
 
 







(c) After 20 iterations
 
 












N = 16 


























































b′ = bcz − (A + λI)Y K

-
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Y j+1 = Y j − ρJ ′λ(Y j) , »#"{¾
XZ]\pl]
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bJ ′λ = bJ ′
{m
AJ ′λ = AJ ′ + λIN








































































J ′λ(Y ′) = ENn
























(bJ ′ − (AJ ′ + λIN )Y K) , »ÕŁŁ¾
AJ ′
r¹i~jlX] v{qy{ÀZr¹mP[^jlpsr±­¶ymPjsXZ] 9mZ]^u]q£{]\y¯xjsXZ]^y{psrªrªm¥mZy{mZurumZ]\{p~plyÀZª]\[ »#" ^v¾I·®WﬁXEni
¤¦]®\mP{rum¶]\[®ªy*g¶quililru\¥i|js]q]q5]\ikjk° h]Lilq]qmvj~rªjl]\psjlruy{miy{mPjlXZ].qyp!il]ª]\£{]\H¯²ypqy{pspl]LIjsrªym
ÀEgVrumZr±jsru{ªru³qrumZ
Y ′0 = 0
A
Y ′ ←− Y ′ − ρJ ′λ(Y ′) , »ÕŁE¾
jlX]qm¶¤¦]\mµnZMZ*js]ÀEg
Y K + ENn Y


























































J ′λ(Z ′) = ENn







































Z ′0 = 0
A
Z ′ ←− Z ′ − ρJ ′λ(Z ′) , »N{{¾
jlX]qm ¤¦]VqmnZMZjl]VÀEg
Y K + Q0E
N
n Z
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For the method of Y
 
 
λ = 0, bezier curve
λ = 0, control polygon
λ = .0005, bezier curve
λ = .0005, control polygon
λ = .001, bezier curve



































































For the method of Z
 
 
λ = 0, bezier curve
λ = 0, control polygon
λ = .00005, bezier curve
λ = .00005, control polygon
λ = .0002, bezier curve
λ = .0002, control polygon
Ê
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‖HjY ‖22 , j = 1
yp
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